It will consist of a 30-kV injector, an RFQ linac to a proton energy of 2.5 MeV, a DTL linac to 125 MeV, and a CCL linac to the final energy of 650 MeV. The total length of the accelerator is 133 meters. The RFQ and DTL will be driven by a single 440-MHz klystron; the CCL will be driven by six 1320-MHz klystrons. The peak beam current is 28 mA. The beam pulse length is 60 ps at a 60-Hz repetition rate, resulting in a 100-uA average beam current. The total cost of the accelerator is estimated to be -$10 million.
Introduction
Since its inception, cancer radiotherapy has become increasingly dependent upon particle accelerators for generating radiation. Negative (2) permanent-magnet focusing systems, (3) high electric field-gradient operation, (4) the RFQ accelerator, (5) coupled-cavity DAW linac structure, (6) modulating-anode klystron systems for high-power operation, (7) bright-acid-leveling copperplating of accelerator components, and (8) resonantly coupled accelerating structures to reduce the complexity and cost of the RF system. The result is shown schematically in Fig. 1 is only 15 cm. The injector power supply is shielded within a standard control rack with voltage protection provided by inexpensive lucite covers.
Radio-Frequency Quadrupole Linac
The 440-MHz RFQ linac dramatically simplifies the front end of the accelerator shown in Fig. 2 . The RFQ is a remarkably simple accelerating structure, and, once tuned, requires no further adjustments. The first RFQ structure in the western world was tested in the PIGMI laboratory in February, 1980. The tests were highly successful;2 the principles of an RFQ linac are described in Ref. Fig. 3 .
The DTL is fabricated in twelve tank sections, each about 2.5 m in length, that utilize the saddle approach developed for the PIGMI Prototype. application is adequate to house the required auxiliary apparatus (beam-focusing quadrupoles and beam diagnostic equipment) within the linc structure. Because the cell-to-cell coupling coefficients are so large, the entire CCL operates as one resonant unit. This allows operation with a minimum amount of control, once the initial tuning operation has been done.
For the purpose of facility organization, the CCL is subdivided into 6 modules. Each module is powered by a 1320-MHz klystron. A high degree of similarity exists between modules with regard to the distribution of the necessary auxiliary features such as RF drive points, diagnostic instrumentation, and vacuum equipment. Each module consists of 18 accelerating tanks and 18 coaxial bridge couplers that separate the accelerating tanks. The length and maximum energy associated with each module are given in Table II . A typical module is shown in Fig. 6 .
During the assembly of each tank, the parts are temporarily installed and tuned. If required, changes may be made to the individual washers, and fabrication of the tank is completed. The tanks are then joined together in small groups to test the properties of the bridge couplers; minor changes required in the bridge couplers can be made at this time. Finally, the entire CCL structure is assembled at its final destination with only minor final tuning required.
RF Power System
The PIGMI frequencies of 440 MHz and 1320 MHz were chosen partly on the basis of beam dynamics considerations and partly on the availability of suitable klystrons. The 60-ps, 60-Hz beam duty factor was adopted for PIGMI on the basis that the power savings resulting from the lower repetition rate overrides the additional cost of the pulse-forming network (PFN) modulators associated with the long pulse length. The total peak power 440-MHz requirement is 19.7 MW; the average power requirement is 89.4 kW; these can be satisfied by one Varian VA-812E klystron.
The cavity peak-power requirement for the 1320-MHz portions of PIGMI is 81.4 MW and the average-power requirement is 310.6 kW. Five Litton L-5081 klystrons are capable of satisfying both the peak-and averagepower requirements of the 1320 MHz portion of PIGMI; however, the PIGMI design is based on six such klystrons operating at a reduced level, providing the possibility of continued operation in the event of the outage of a single klystron.
Control and Instrumentation System
A PIGMI accelerator is designed so that once turned on and tuned up, it can run reliably unattended. Therefore, the major role of the accelerator control system is a passive one its primary; tasks are to monitor all facets of routine machine operation, to detect faults, and to alert the operator to abnormal, or impending abnormal, situations. When necessary, corrective action can be automatic. Data can be collected automatically on a regular basis, and the system will support accelerator maintenance by effective diagnostic testing. It provides straightforward and, in some cases, automatic procedures for machine turn-on, tune-up, and fault recovery.
The design is based on a collection of small, A complete PIGMI facility will require a construction time of -2 years, from the beginning of site preparation to the beginning of patient treatment. Two-shift (16 hours per day) operation is possible with a staff of 8 people. A cost estimate has been made, based on the present level of the PIGMI design. The construction cost of only the accelerator is estimated to be approximately $10 million in 1980 dollars. Not included in this cost estimate are service building/office space, cooling costs, accelerator tunnel costs, and contingency funds. These will be dictated by the needs or location of the medical center at which the PIGMI facility will be installed.
